Non-functionalization of two CYP82E nicotine N-demethylase genes abolishes nornicotine formation in Nicotiana langsdorffii.
Nornicotine is formed from nicotine by nicotine N-demethylase, a CYP82E family monooxygenase, and accumulates to high levels in some tobacco (Nicotiana tabacum) cultivars and many wild Nicotiana species. Nicotiana langsdorffii does not form nornicotine, whereas the closely related species N. alata accumulates this alkaloid abundantly. We show here that the two nicotine N-demethylase genes in N. langsdorffii have been inactivated by different molecular mechanisms. We identified four N. alata CYP82E genes that encode functional nicotine N-demethylases. In N. langsdorffii, however, one CYP82E gene encoding a functional enzyme was not expressed at all, whereas the other was weakly expressed but contained a one-nucleotide deletion in the first exon, yielding a truncated protein. Expression analysis of interspecific F(1) hybrids between N. alata and N. langsdorffii indicated that cis-acting polymorphisms abolish expression of the otherwise functional CYP82E gene in N. langsdorffii. Segregation analysis of tobacco alkaloids and individual CYP82E alleles in F(2) progeny revealed that duplicated CYP82E genes in both species are genetically linked, and provide genetic evidence that CYP82E genes are solely responsible for nornicotine formation in these wild Nicotiana species.